Introduction {#vox12931-sec-0005}
============

Zhejiang is located on the east coast of China, 750 km away from Hubei. Blood is collected from 38 blood centres, including one provincial, 11 regionals and 26 county blood centres, which supply blood to a population of about 60 million. All blood centres provide routine services all year round, including Spring Festival, also known as Lunar New Year or Chinese New Year.

During the Spring Festival of 2020, an outbreak of the novel coronavirus SARS‐CoV‐2, which causes COVID‐19 disease (or coronavirus disease 2019) occurred in Wuhan city, spread rapidly worldwide and has become a pandemic \[[1](#vox12931-bib-0001){ref-type="ref"}, [2](#vox12931-bib-0002){ref-type="ref"}\]. It has been defined as a legal class B infectious disease managed as class A by the People's Republic of China. The response mechanism was initiated with multisectoral involvement in joint prevention and control measures, including the extension of the Spring Festival holiday, temperature checks, wearing of facemasks and strict traffic restrictions to reduce the movement of people. The general public was educated thoroughly on the seriousness of COVID‐19 and their role in preventing its spread, and mass gathering activities were also cancelled. The popular tourist attractions were virtually deserted. Under the pandemic situation, this 'closed‐off management' has played a decisive role in the prevention and control of COVID‐19 but has had a negative impact on blood donation. There are severe threats to a safe blood supply.

In Zhejiang province, blood supply relies solely on voluntary donations from about 1·5% of the population. Only about 40% of blood donors are local permanent residents, while migrant workers and college students account for 60% of donors \[[3](#vox12931-bib-0003){ref-type="ref"}, [4](#vox12931-bib-0004){ref-type="ref"}, [5](#vox12931-bib-0005){ref-type="ref"}\]. Therefore, Zhejiang is more susceptible to the adverse impacts of COVID‐19 epidemics and more challenged to maintain a stable and sufficient blood supply than other regions \[[6](#vox12931-bib-0006){ref-type="ref"}, [7](#vox12931-bib-0007){ref-type="ref"}, [8](#vox12931-bib-0008){ref-type="ref"}, [9](#vox12931-bib-0009){ref-type="ref"}\]. At present, there is limited literature on blood donation and supply during the COVID‐19 pandemic. This study will assess the effect of the COVID‐19 epidemic on blood donation in Zhejiang province and discuss measures to improve blood supply.

Materials and methods {#vox12931-sec-0006}
=====================

Data {#vox12931-sec-0007}
----

All blood donor records and blood supply information from 38 blood centres during the Spring Festival of 2019 (from February 3 to 19, 2019) and 2020 (from January 23 to February 8, 2020) were reviewed, respectively. To assess the blood demand of the COVID‐19 patients, we retrospectively analysed the data about practical blood use in the COVID‐19 patients from the First Affiliated Hospital of Zhejiang University School of Medicine, which is the largest hospital managing COVID‐19 in Zhejiang province.

From 23 January 2020, the Emergency Blood Supply Systems of Zhejiang Province during the COVID‐19 epidemic were enacted by the local government. Some additional restrictive donor eligibility and deferral policies were requested to be implemented by blood collection establishments \[[10](#vox12931-bib-0010){ref-type="ref"}\], which included: Defer those potential donors for 4 weeks after their travel from Hubei Province or Wenzhou city using the donor questionnaire.Defer those potential donors for 4 weeks after their pre‐donation contact with suspected or confirmed COVID‐19 patients.Defer those potential donors if fever, cough, or other suspected COVID‐19 symptoms occurred within 4 weeks.Body temperature must be checked before donating blood;If donors have suspected COVID‐19 symptoms within 2 weeks after donation, such as fever and cough, they should notify the blood centers.

A recruitment text message for every potential blood donor during the Spring Festival of 2020 was carried out. At the same time, they were asked to respond to a two questions survey. The first question was 'Are you willing to donate blood at this time? Yes or no'. The second question was 'What is the most likely reason to prevent you from donating blood? The reasons listed were as follows; inconvenient location, fear of infection, weakened immune system, avoidance of public places and other'. Respondents would choose only one.

Statistical analysis {#vox12931-sec-0008}
--------------------

The data were analysed using SPSS version 20.0 software (IBM corp. Armonk, NY, USA). If the results were normally distributed, Student\'s *t*‐test was used; otherwise, the chi‐square test was used. For all analyses, *P*\<0·05 was considered statistically significant.

Results {#vox12931-sec-0009}
=======

In Zhejiang Province, the average number of whole blood collection was about 2952 units a day. Since the outbreak of COVID‐19, the number of whole blood donors was just one‐third for the same period, dropping from 15 609 donations during the Spring Festival of 2019 to 5253 donations during the Spring Festival of 2020 (Table [1](#vox12931-tbl-0001){ref-type="table"}). Furthermore, there were some significant differences in terms of characteristics of blood donors between the two groups, such as level of education, donor status and age. Among 5253 donors, most were older than 36 years of age (70·5%), had a university degree (53·8%) and were regular donors (87·7%). All blood donors chose to make an appointment to donate blood. In contrast, during the Spring Festival of 2019, most were younger than 36 years of age (58·5%) and were first‐time blood donors (62·7%). Only 2607 blood donors (16··7%) chose to make an appointment to donate blood. To address the shortage of blood due to a dramatic drop in overall blood donation, blood donation initiatives were launched by the blood centers. For example, we had the plan to organize medical staff and family members, friends and colleagues of patients who have ever received transfusions to donate blood, which resulted in about 44·6% of the total donated blood. In view of the fact that the backbone of voluntary blood donation (80·2%) was regular donors over 36 years old and chose to make an appointment to donate blood, we established the targeted blood donor registration system.

###### 

Profile of whole blood donor

  Characteristics   2020   2019    *χ^2^*   *P*                  
  ----------------- ------ ------- -------- ------- ------------ ---------
  Sex                                                            
  Male              3380   64·5    9505     60·9    19·807       \<0·001
  Female            1873   35·5    6104     39·1                 
  Age (years)                                                    
  18--25            421    8·0     4573     29·3    1563·747     \<0·001
  26--35            1129   21·5    4558     29·2                 
  36--45            1828   34·8    3653     23·4                 
  \>45              1875   35·7    2825     18·1                 
  Education                                                      
  Primary           599    11·4    3715     23·8    686·717      \<0·001
  Secondary         1134   21·6    3106     19·9                 
  University        2832   53·9    5697     36·5                 
  Other             688    13·1    3091     19·8                 
  Appointment                                                    
  Yes               5253   100     2607     16·7    11 613·841   \<0·001
  No                0      0       13002    83·3                 
  Donor status                                                   
  Regular           4607   87·7    5822     37·3    3993·963     \<0·001
  First time        646    12·3    9787     62·7                 
  Total             5253   100·0   15609    100·0                
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To survey and mobilize potential blood donors, 163 791 texts were sent by the blood centers. The questionnaire completion rate was 81·5% (133 490/163 791). The success rate of recruitment was about 3·2% (5253/163 791). As shown in Table [2](#vox12931-tbl-0002){ref-type="table"}, most respondents (81·2%) were worried about the 'possibility of acquiring COVID‐19 during blood donation'. To reduce the 'possibility of acquiring COVID‐19 during blood donation', we not only sterilized the environment with ultraviolet light before and after blood collection but also used the dynamic air disinfectant machine (air purifiers equipped with in‐duct ultraviolet germicidal irradiation systems) to sterilize the air during the donation process. At the same time, we required that blood donors should keep at least 1·5 m apart. Notably, to prevent SARS‐CoV‐2 transmission through human‐to‐human contact and save time for donors, we provided an online appointment and questionnaire fill‐in service through popular social media such as WeChat, Weibo and Alipay. As a result, a total of 23 respondents were deferred because of their travel history associated with Hubei. All donors who attended were healthy without symptoms nor contact history of COVID‐19. Besides, there was no report of post‐donation illness among the donors in the reporting period. In consideration of the absence of confirmed transfusion‐transmission risk and the shortage of blood, the quarantine system of donated blood was not implemented \[[11](#vox12931-bib-0011){ref-type="ref"}, [12](#vox12931-bib-0012){ref-type="ref"}\]. There was no report back on patients suspected to have developed post‐transfusion symptoms of COVID‐19 infection.

###### 

Survey responses

  Items                                        Frequencies    
  -------------------------------------------- ------------- ------
  Are you willing to donate blood this time?   *N*           \%
  Yes                                          5253          3.9
  No                                           128 237       96.1
  Barriers to blood donation                                 
  Inconvenient location                        1735          1.3
  Fear of infection                            108 395       81.2
  Weaken immune defence                        18 822        14.1
  Avoidance of public places                   3604          2.7
  Other                                        934           0.7
  Total                                        133 490       100
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In Zhejiang province, seasonal shortages of blood supply are especially prominent as with other economically developed large cities in China \[[13](#vox12931-bib-0013){ref-type="ref"}, [14](#vox12931-bib-0014){ref-type="ref"}, [15](#vox12931-bib-0015){ref-type="ref"}, [16](#vox12931-bib-0016){ref-type="ref"}\]. For example, during the Spring Festival, college students enjoy the holiday, migrant workers return home and fewer people are outdoors. All these factors caused the unavailability of blood donors. During the Spring Festival of 2019, the daily mean number of donation was only 1487 u, which was significantly lower than the whole‐year daily average. Since the outbreak of COVID‐19, the daily mean number of donations (531 u) was about two thirds lower than that for the last Spring Festival (1487 u) (see Fig. [1](#vox12931-fig-0001){ref-type="fig"}). However, the total amount of issued RBC units (25 276·5u) is more than two times higher than the collected units (9028 u). Particularly in the first week of the outbreak, which we called 'black week', the daily mean number of donations was only 192·5 u, which dropped to one‐fifteenth or lower of typical regular collections. The daily mean number of supply (RBCs) was 1453 u, which was almost seven times higher than daily collections. The weekly amount of issued RBC units (10 171·5 u) was nearly six times higher than the collected units(1347·5 u). During black week, the gap between blood collection and supply was the most serious. As time went on, the gap narrowed. Fortunately, we had a high blood inventory level (38 425.5 u) to absorb this acute blood shortage because of the early alert and anticipation of the COVID‐19 before the Spring Festival. No patients died from this acute blood shortage. To improve the availability of blood, some administrative measures to restrict clinical demand for blood were taken, such as autologous transfusions, postponing elective surgical procedures and restrictive transfusion strategies (6--7 g/dl) in Zhejiang during the height of the COVID‐19 epidemic. The mean haemoglobin value for RBCs transfusion was about 6·3 g/dl.

![The gap from collection and delivery by day during 2020 vs. 2019. Triangles = the number of blood donation in 2020; circles = the number of blood delivery in 2020; Black squares = the number of blood donation in 2019; Black rectangles = the number of blood delivery in 2019.](VOX-9999-na-g001){#vox12931-fig-0001}

During the Spring Festival of 2019, a total of 990 units of RBCs, 545 units of platelets (PLTs) and 430 l of frozen plasma were used in the First Affiliated Hospital of Zhejiang University School of Medicine. In contrast, during the Spring Festival of 2020, a total of 703 units of RBCs, 334 units of PLTs and 434 l of frozen plasma were used. Altogether, only 28 units of RBCs and 12·3 l of frozen plasma were used in COVID‐19 patients and no PLTs were used in COVID‐19 patients. The COVID‐19 epidemic itself seems not to have led to increased actual blood use.

Discussion {#vox12931-sec-0010}
==========

In the past few decades, basic health insurance coverage for the use of blood and the rapid expansion of hospitals has led to a sharp increase in clinical demand for blood in China \[[15](#vox12931-bib-0015){ref-type="ref"}, [16](#vox12931-bib-0016){ref-type="ref"}, [17](#vox12931-bib-0017){ref-type="ref"}, [18](#vox12931-bib-0018){ref-type="ref"}\]. However, blood supply cannot keep up with demand. Emergency situations such as SARS epidemic and other similar events even worsen this discrepancy between blood supply and demand due to the drop of blood donation. In this study, we found that the amount of RBCs supply has been twice as much as RBCs collected during the outbreak of COVID‐19 epidemic. In the first week of the outbreak, the units of RBCs supply were seven times as many as the units collected. The COVID‐19 epidemic itself may not cause the increase in blood demand, but the dramatic drop of donors (67%) significantly reduced the amount of blood collected. To ensure blood availability in epidemic crisis like COVID‐19, we propose that hospitals need to develop strategies in advance to effectively manage the use of blood and strictly comply with the transfusion threshold.

In this study, we found that because there was a severe lack of knowledge in how COVID‐19 transmitted in the general population, nearly 80% of people mobilized via text message feared that they would become infected with SARS‐CoV‐2 during the donation process and were less willing to donate blood. The success rate of recruitment via text message dropped by 60%. The number of whole blood donors reduced quickly by 60--70%. These findings suggest that we need to reassure the public about the safety of donating blood. We should not only mobilize potential donors through broadcast, telephone calls and social media with Wechat and Alipay but also provide them with facemasks, shuttle transfer, mobile collection vehicles to reach donors, online appointment and questionnaire fill‐in service. These procedures may play a significant role in decreasing panic among potential blood donors \[[19](#vox12931-bib-0019){ref-type="ref"}\].

Since the start of the COVID‐19 outbreak in Zhejiang province, the proportion of donors aged 18--25 has dropped by 72·7%, while the proportion of donors over the age of 45 has relatively increased by 49·3%. There are two possible reasons for the decrease in younger donors. First, parental opposition for this age group of people who are the only one child in the family to donate blood and to travel out during the lockdown period was stronger than that of any other time points. Secondly, young people usually participated in blood donation to response to the call of the workplace and lack of true commitment for repeat blood donations. These findings suggest that well‐designed education activities to raise up social responsibilities and accountability among young people should be developed and implemented. The proportion of regular donors has increased by over 57%, which suggests that repeat donations are essential in maintaining an adequate blood supply for emergency demand. Moreover, most donors (53·8%) had a university degree, which suggests that educated donors are more likely to overcome their fears and feel comfortable to donate blood. About 44% of the total donors participated in the blood donation activities organized by the blood centers designedly, which suggests that this so‐called 'planned donations' strategy, to some degree, helped us overcome this crisis.

SARS‐CoV‐2 is a new infectious agent. To date, there are no reported cases of SARS‐CoV‐2 transmission by any blood product but transfusion transmission cannot yet be completely excluded. Therefore, proactive measures, in addition to the donor eligibility and deferral policies based on local concerns, may be considered to ensure the safe transfusion. For example, Nucleic Acid Testing (NAT) for SARS‐CoV‐2 is likely to be the most effective method to address the theoretical risk of transfusion transmission based on experience with Zika virus testing, but there would be concerns about cost‐effectiveness \[[20](#vox12931-bib-0020){ref-type="ref"}\]. Pathogen reduction technology (PRT) for platelets and plasma has been demonstrated to be effective against the closely related SARS‐CoV, as well as the related MERS‐CoV \[[21](#vox12931-bib-0021){ref-type="ref"}\], which suggests it might also be for SARS‐CoV‐2.

One limitation of our study is that we have not followed the 23 respondents deferred for travel history associated with Hubei, and thus we cannot exclude infection with SARS‐CoV‐2 during that period. The effectiveness of the donor deferral strategy for COVID‐19 has not been evaluated.

In summary, our study shows that the COVID‐19 epidemic itself in Zhejiang province did not lead to increased blood demand, but the secondary consequence was blood supply shortages caused by the unavailability of blood donors. This is not a time for panic -- it is time to be prepared. From experience, we have learned that it is imperative to broaden donor sources and reduce blood use scientifically. To achieve the objective, governments should make the general population aware of the ways the disease is transmitted, we should take scientific precautions for donor attendance \[[22](#vox12931-bib-0022){ref-type="ref"}\] and use the targeted blood donor registration system. As well as this, we should increase autologous transfusions, postpone elective surgical procedures, develop patient blood management and use restrictive transfusion strategies \[[23](#vox12931-bib-0023){ref-type="ref"}, [24](#vox12931-bib-0024){ref-type="ref"}\]. Finally, establishing a strategy of planned donations can assist supply during an acute blood shortage.
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